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@ Hardenable resin composition. 



@ Hardenable resin oom positions useful In forming hard permeable masses in remote locations or 
zonae, comprise a hardenable polyepoxlde resin, one or more substantially water Immiscible diluents 
present In aald resin composition to lower the viscosity thereof, and a hardening agent comprised of the 
adduct formed by reacting an aliphatic amine with the condensation reaction product of epichlorohyd- 
rin and btaphenol A. 
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This Invention relate* to a hardenabie resin composition. 

Resin compositions useful for consolidating particulate materials into hard permeable masses have been 
developed and used heretofore. In the oil industry, resin compositions and methods for placing particulate ma- 
terials coated therewith are used, for example, to form hard permeable masses in subterranean formations 
5 containing loose or incompetent sands which migrate with hydrocarbons produced therefrom. The hard per- 
meable masses formed by the consolidated particulate materials reduce or prevent the migration of loose or 
Incompetent sands when placed between the producing formations and ths well bores penetrating the forma- 
tions. 

One technique which has heretofore been utlized successfully for forming a consolidated, permeable, par- 

10 ticulats mass between a well bore and a producing formation involves coating the formation sand adjacent 
the well bore with a hardenabie resin and then causing the resin to harden. An alternative technique has been 
to coat sand with a hardenabie resin on the surface, to suspend the coated sand in a gelled aqueous carrier 
liquid and then to pump the suspension by way of the well bore into the formation whereby the resin coated 
sand is deposited therein. The resin on the deposited sand is caused to harden whereby a solid, permeable, 

15 particulate mass is formed. 

Methods of continuously forming and suspending con sol idat Ibis resin composition coated particulate ma- 
terial to a gelled aqueous carrier liquid and transporting the coated particulate material by way of the gelled 
aqueous carrier liquid to a zone in which it la consolidated are described In U.S. Patent No. 4,829,1 00 Issued 
May 9, 1989. In accordance with such methods, substantially continuous streams of a gelled aqueous carrier 

20 liquid, uncoated particulate material, a resin composition which will subsequently harden and a surface active 
agent are admixed whereby the particulate material is continuously coated with resin composition and sus- 
pended In the gelled aqueous carrier liquid. 

While the methods and compositions disclosed In Patent No. 4,829,100 have been used successfully, the 
preferred hardening agents, I.e., hardening agents including methylene dlaniine have been found to be car- 

20 cinogenic and therefore hazardous to personnel, and to be incompatible with some other commonly used com- 
ponents in gelled aqueous fluids such as oxidative gel breakers and the like. Aliphatic amines have been util- 
ized and are well known to those skilled In the art as hardening agents for epoxy resins. However, because 
such amines are either soluble in or form emulsions with water, they tend to separate from the resin compo- 
sition while the resin composition is being mixed or placed, and as a result, they often do not satisfactorily 

ao cause the resin composition to harden. 

Thus, there Is a need for an improved hardenabie resin composition which is less hazardous to personnel, 
which is compatible with other components utilized in subterranean formation treating fluids and which causes 
the resin composition to rapldy harden and develop high strength in the presence of water. 

We have now devised an improved hardenabie resin composition by which the disadvantages of prior art 

35 compositions are reduced or overcome. 

The resin compositions of this invention are basically comprised of a hardenabie polyepoxlde resin, one 
or more substantially water immiscible diluents present In the resin composition In amounts sufficient to lower 
the viscosity thereof to a desired level and a hardening agent comprised of the adduct formed by reacting an 
aliphatic amine with the condensation reaction product of epichlorohydrin and blsphenol A. The hardening 

40 agent Is non-carcinogenic and is compatible with moat components utilized in subterranean formation com- 
pletion and stimulation fluids Including oxidative gel breakers. 

The above-described resin composition can be dispersed in a gelled aqueous carrier liquid along with par- 
ticulate material and a surface active agent whereby the particulate material la coated with the resin compo- 
sition and suspended in the carrier liquid. The resulting composition can be used to deposit the resin coated 

46 particulate material in a subterranean zone between a hydrocarbon producing formation and a well bore where- 
by it is consolidated into a hard permeable particulate mass therein. The permeable particulate mass functions 
to prevent the migration of loose or Incompetent material in the producing formation with hydrocarbons pro- 
duced therefrom. The gelled aqueous liquid composition containing resin coated particulate material can also 
be utilized in stimulation procedures such as in subterranean formation fracturing wherein the fractures are 

50 maintained open by plating the resin coated particulate material therein and causing it to form a consolidated 
permeable mass. 

Methods of continuously forming and suspending conedidatfcJe resin coated particulate material in a gell- 
ed aqueous carrier liquid and transporting the resulting composition to a zone in which the particulate material 
is to be consolidated are also provided. 
55 As mentioned above, hardenabie resin compositions useful in forming hard permeable masses in remote 
locations have been developed and used heretofore. Also, methods of continuously forming and suspending 
consolidates resinoompositlon coated particulate material in a gelled aqueous carrier liquid and transporting 
the coated particulate material by way of the carrier liquid to a zone in which the particulate material is con- 
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adidated have been known and used heretofore. U.S. Patent No. 4,829,1 00 to wti ich reference should be made 
for further detale, discloses such resin compositions and methods. However, the hardening agents most com- 
monly utlized In the resin compositions used for carrying out the methods described In Patent No. 4,829,100, 
Le., hardening agents including methylene dianline, present several problems. The most severe problem is 
5 that methylene dianline has been found to be a carcinogenic material and therefore it constitutes a hazard to 
personnel. 

Another problem with the use of hardening agents comprised of methylene dianfline is that methylene dla- 
niiine is incompatible with other components utilized in subterranean formation completion and stimulating 
fluids. For example, gelled fracturing fluids often include delayed gel breakers of the oxidative type such as 

10 sodium persutfete. Methylene dianfline adversely reacts with such oxidative compounds to diminish or extin- 
guish their ability to function as gel breakers. 

Aliphatic and cydoaliphatic amines are well known in the art as hardening agents for epoxy resins. Such 
amines are readty available and produce excellent hardening results. However, aliphatic and cydoaliphatic 
amines are either soluble in water or form emulsions in water whereby they do not function well in the presence 

is of water. That Is, the solubility or emulsifying tendencies of amines In water tends to cause amines when used 
as hardening agents to be separated from the resin thereby diminishing the resin hardening process caused 
thereby. 

The hardening agents of the improved resin compositions and methods of the present Invention are com- 
prised of certain adducta of aliphatic or cydoaliphatic amines. The adducts do not prevent the amines from 
20 producing rapidly hardened epoxy resins of excellent strengths, but they do obviate the problems associated 
with water solubility or emu la if [cation described above. 

An improved hardenable resin composition of the present invention Is comprised of a hardenaWe pdyep- 
oxlde resin, one or more substantially water Immiscible dluents present in the resin composition In amounts 
suffidsnt to lower the viscosity of the composition to a desired level and a hardening agent comprised of an 
2S adduct formed by reacting an aliphatic or cydoaliphatic amine with the condensation reaction product of epi- 
chlorohydrtn and biaphenol A. The term "aliphatic amine" is used hereinafter to mean cydoaliphatic amines 
as well as straight or branched chain aminee. 

While a variety of aliphatic amines can be utilized, preferred aminee are those selected from the group 
consisting of ethylene diamine, Methylene tetramine, tetraethytene pentamine, ble-(p-aminocydohexyJ) me- 
30 thane, the diamines and trlaminee of cydopentane and the diamines and tnamines of cydohexane, e.g., 1,2- 
diamino cydohexane and 1 ,4-dtamino cydohexane. Of these, Methylene tetramine, 1,2-diamino cydohexane 
and 1,4-diamino cydohexane are mors preferred with 1,4-diamino cydohexane being the most preferred. 

The adducts of the aliphatic amines are prepared by pre-reading a selected amine with the reaction prod- 
uct of eplchlorohydrfn and bisphend A. The condensation reaction product of eplchlorohydrln and bisphend 
35 A can be represented as follows: 

CH, 

2 CHjO^HCHjCl + HO-^-C-^-OH - 
40 eplchlorohydrln { 

CH, 

bisphenol A 



50 



O CH, o 

CH^-^ - CH 2 - 0- ^^"|-^^° ~ CH 2 - Cfl^-^Hj + 2 CI 

CH, 



When the condensation reaction product of epIcWorohydrin and bisphend A is reacted with an aliphatic 
amine, the addud of the amine is formed. When the amine is, for example, 1 ,4-diamino cydohexane, the ad- 
dud formation reaction can be represented ae follows: 



55 



3 



EP0 528 595A1 



10 



16 



26 



♦ C^-\ - CH, - 0^C|^O " CH, - - 
l,4-di«mino cyclohexana I 



CH, 

OH CB, OH 



H^OHH - CH, - i - CH, - O^-C-Q-O - CH, - Jh - CH, - HH-Q-HH, 

CH, 



PolveooxW* resins which can be utlteed In the above-described harden able resin composition Include con- 
densation preducto of epichloiohydrln and multiple hydroxy compounds such as reaorclnol h^roqulnone oly- 
cerint ^^raltoU .4-butanedlol. pNmtfudMl. blsphenol A and btophenol F. The structural formula of 
blaphenolFlsasfolows: 



hoh O"]"0" oh 



The oieferred resins are the condensation resin products of epichlorohydrin and blsphenol A. A commercially 
available such product is marketed by the Shell Chemical Company of Houston. Texas, under the tradename 
Epon 828™. Epon 828™ resin exhibits good temperature stability and chemical resistance, and haa a viscosity 

* 8 Tto ow^in^eubSntially water immiscible dluenta utlized In the reain compoaitlon are present there- 
in in amounts sufficient to adjust the viscosity of the composition to a desired level, general jy a level in the 
mngertLn about 1 00 centlpoi.ee to about 800 centipoisee. Preferably, two polar organic dluent. .are used 
which are miscible with the polyepoxide resin and substantially immiscible with water. One of such diluents is 
preferably reactive with the epoxy resin component with the other diluent being non-reactive. 

The substantially water immiscible reactive dluent la preferably comprised of at least one member selected 
from the croup constating of butyl glycldyi ether, creeol glycldyl ether, alyl gtycidyl ether, phenyl glycidyl ether, 
^^^Z '.A-tL^Z ?utyl dlglycldy. ether) and reeomlno. (remind dlgryoldyl ether) and other 

$ddXnV»wh^ 

ether are the most preferred. The reactive diluent or diluents are generally present In the resin composition 
Sanamount in the range of from about 2 to about 35 parts by welgm per 100 parta by weight of the polyepoxy 
main present Preferably, the reactive diluent to present in the range of from about 18 to about 30. and most 
Dreferably about 28 parts by weight per 100 parts by weight of polyepoxide resin. 

The substantially water immiscible non-reactive dluent Is preferably selected from the group consisting 
of compounds having the structural formula: 

0 ° 9 

1 II B 

R, - C — OR or R, - C - OR,0 - C - R, 

wherein R la GJWi In which n Is an Integer In the range of from 1 to about 5; R, Is CJH^, wherein 
m is an Integer in the range of from 1 to about 4, or R t la 
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wherein y Is an Integer In the range of from 1 to about 4 and X is Independently H or OH; and R 2 la C.*** 
wherein a is an Integer in the range of from 2 to about 5. 

Of the compounds failing within the above-described group, ethyl acetate, butyl lactate, ethyl lactate, amyt 
acetate, ethylene glycol dlacetate and propylene glycol diacetats are preferred. Of these, butyl lactate is the 
6 most preferred* 

The substantially water Immiscible non-reactive dluent is generally present in the resin composition in the 
range of from about 4 to about 20 parts by weight per 100 parts by weight of the polyepoxide resin present 
Preferably, the non-reactive dluent Is present in an amount in the range of from about 8 to about 15, and most 
preferably, about 10 parte by weight per 100 parte by weight of the polyepoxide resin present 
w Examples of other diluents which can be utilized are methyl alcohol and other low molecular weight aJka- 
nois, totrahydrofurfuryl methacrylate and ethyl acetate. 

The above-described hardening agent I.e., the adduct formed by reacting an aliphatic amine with the con- 
densation reaction product of epichlorohydrin and bisphenol A, is generally present In the resin composition 
in an amount in the range of from about 20 to about 150 parte by weight per 100 parte by weight of polyepoxide 
is resin. Preferably, the hardening agent is present in an amount in the range of from about 40 to about 90, and 
most preferably, about 68 parte by weight per 100 parte of polyepoxide resin. 

The hard enable resin composition can also include retar der s or accelerators as hardening rate controllers 
to lengthen or shorten the working and cure times of the resin composition. Low molecular weight organic acid 
ester retarders such as alky! esters of aJkyi adds containing about 2 to 3 carbon atoms can be utllzed. Suitable 
20 accelerators Include 2,4,6-trlsdimethylamlnomethylphenol, the ethyl hexonate salt thereof and weak organic 
acids such as fu marie, erythorblc, ascorbic, salicylic and maleic acids. When a retarder or accelerator is util- 
ized, it Is generally combined with the resin composition in amounts up to about 10 parte by weight per 100 
parte by weight of polyepoxide resin. 

While the above-described hardenable resin composition can be utilized in a variety of applications, it is 
25 particularly suitable for use in oil and gas well completion and stimulation procedures. In such applications, 
the resin is generally utilized to consolidate particulate material, either particulate material admixed with the 
resin composition and introduced into a subterranean zone by way of a well bore or loose or incompetent par- 
ticulate material contained within one or more subterranean formations penetrated by the well bore. In such 
applications, the resin composition preferably also includes a resin to particulate material coupling agent to 
30 promote bonding of the resin to the particulate material. A preferred such coupling agent is N-bete-(aminoe- 
thyl)-gamme-amlnopropyttrlmethoxy8lane. The coupling agent generally can be included in the resin compo- 
sition in an amount from about 0.1 to about 2 parte by weight per 100 parts by weight of polyepoxide resin. 

A composition of the present invention useful In forming a hard permeable mass In a remote location, e.g., 
a subterranean formation penetrated by a well bore, is comprised of an aqueous liquid, at least one hydratable 

39 polysaccharide gelling agent the above-described resin composition, particulate material such as sand and 
one or more surface active agents for promoting the coating of the particulate material with the resin compo- 
sition. 

The aqueous liquid can be fresh water, brine or sea water. A variety of hydratable polysaccharide gelling 
agents can be utilized having molecular weights In the range of from about 100,000 to 4,000,000, preferably 

40 from about 600,000 to 2,400,000. Preferably, the polysaccharide polymer gelling agents are cellulose or guar 
derivatives. The polymers Include substltuente such as hydraxyethyf to give the necessary water hydration 
and gel characteristics to produce a clear aqueous gel having a viscosity of at least about 30 centipoises (read- 
ing on a Farm V.G. meter at 300 rpm). Preferred such polymers include substituted carboxy and hydroxy alkyl 
cellulose, such as hydroxyethyl cellulose and cartexymethylhydraxyethylcellulose, and substituted hydrox- 
ys yaikylguar, such as hydraxypropylguar. The most preferred polysaccharide polymer gelling agent is hydroxy- 

propylguar having a molecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide substitution (MS) of about 0.1 to about 0.7 moles of propylene oxide per mde of mannose 
and galactose in the guar. 

The surface active agent for promoting the coating of the particulate material can be one or more cation fc 
so surface active agents or one or more non-cattonic surface active agents, or one or more of both. As used herein, 
a noncatiofifc surface active agent includes a blend of anionic and non-ionic surface active agents. 

Useful cation k: surface active agents include the reaction product of an alcohol, epichlorohydrin and trie- 
thylenediamine wherein monohydric aliphatic alcohols having in the range of from about 12 to about 18 carbon 
atoms are reacted with from 2 to 3 moles of epichlorohydrin per mole of alcohol foiowed by reaction with an 
59 excess of triethylenedlamine. The alcohol-eplchlorohydrin reaction product contains an sthoxylatton chain hav- 
ing pendent chlorides. The subsequent reaction with triethylenedlamine provides a cat Ionic and a tertiary 
amine functionality to the resulting product 

The non-cattonic surfactants are preferably ethoxyf ated fatty acids produced by reacting fatty adds con- 
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tainlng from about 12 to about 22 carbon atoms with from about 5 to about 20 moles of ethylene oxide per 
mole of acid, most preferably from about 12 to about 18 moles of ethylene oxide per mole of acid, to produce 
a mixture of various quantities of ethoxyiated acids and unreacted acids. 

When the gelling agent used is a cellulose derivative, one preferred surface active agent Is a blend com- 
prised of iaopropyfl alcohol, the cattonlc agent described above and the non-cationic agent described above 
wherein the weight ratio of cation ic agent to non-cationlc agent In the blend is In the range of from about 0.4 
to1 and preferably about 0.6 parts by weight cationic agent per 1 part by weight non-cationic agent and where- 
in the weight ratio of isopropyt alcohol to non-cationlc agent in the blend is about 1 part by weight alcohol per 
1 part by weight noo-cationic agent 

When the gelling agent used herein is a galactomannan gum, a preferred surface active agent la a blend 
comprised of 4cohoi, e.g., amyf alcohol, the cationic agent described above and the non-cationlc agent de- 
scribed above wherein the weight ratio of cationic agent to non-cationlc agent In the blend la in the range of 
0 to 1, and preferably about 02 parts by weight cationic agent per 1 part by weight non-cat Ionic agent and 
wherein the weight ratio of alcohol to noncationic agent in a blend is about 1 part by weight alcohol per 1 part 
by weight non-cationic agent , ^ 

After being prepared, the above-described composition is comprised of resin composition coated partic- 
ulate material suspended in a gelled aqueous liquid. The gelled aqueous liquid preferably contains the poly- 
saccharide polymer utilized In an amount in the range of from about 20 to about 120 lbs of polymer per 1000 
gallons of water, brine or sea water whereby the gelled aqueous liquid has a viscosity In the range of from about 
1 0 centipoises to about 400 centlpolses. Most preferably, the gelled aqueous carrier liquid Includes from about 
30 to about 80 lbs of gelling agent per 1000 gallons of water, brine or sea water, and has a viscosity of from 
about 15 to about 100 centlpoisee. As Is well understood by those skilled in the art, the gelled aqueous liquid 
can be crosslinked to Increase Its viscosity and stability. 

The composition is transported to a remote location or zone where the resin coated particulate material 
is to be deposited and consolidated. For example, the composition can be pumped down a well bore into a 
zone penetrated thereby adjacent a hydrocarbon producing formation. A gel breaker is preferably included in 
the gelled aqueous liquid to cause it to revert to a relatively thin liquid at the time the resin coated particulate 
material reaches the location of the zone. While a variety of gel breakers which are well known in the art can 
be utlized, an oxidative type of breaker such aa sodium pereulfate is preferred. Such oxidative gel breakers 
are generally included in the composition in an amount In the range of from about 0.5 pounds to about 50 
pounds per 1000 gallons of gelled aqueous carrier liquid, but the particular mount depends upon the specific 
time period required between when the gel breaker Is added and when the gel must be broken. Increases in 
the amount of gel breaker shorten such time period. As mentioned above, the resin composition can also in- 
clude retarders or accelerators as required to lengthen or shorten the working and cure times of the resin com- 
position. 

A specific preferred reein composition for use in the above-described composition containing an aqueous 
liquid, a gelling agent particulate material, one or more surface active agents and the resin composition is 
comprised of an epichlorohydrin and blsphenol A epoxy resin present In the resin composition in an amount 
of about 48% by weight of the composition. A substantially water immiscible reactive diluent comprised of butyl 
gjycttyf ether is present In the composition In an amount of about 8.5% by weight and a substantially water 
immiscible non-reactive diluent comprised of butyl lactate is present in the composition In an amount of about 
6% by weight A hardening agent comprised of the adduct formed by reacting 1,4-dlamino cyclohexane with 
the condensation reaction product of epichlorohydrin and blsphenol A is included in the resin composition in 
an amount of about 35% by weight An ^beta-(aminoethyl)-gamrra- coupling 
agent is present in the composition in an amount of about 1 .0% by weight and an accelerator comprised of the 
ethythexonate salt of dlmethyiaminomethylphenol is present in the resin composition in an amount of about 
5% by weight of the composition. This resin composition haa a viscosity of about 200 centlpoisee, a working 
time of about 1 .5 hre. and a cure time of about 8 hre at 80»F. When the accelerator is not present in the com- 
position ft has a working time of about 7 hre. and a cure time of about 84 hre. 

In accordance with the methods of the present invention, a gelled aqueous liquid composition containing 
resin coated particulate material is continuously formed and transported to a remote location. That is, a gaffed 
aqueous liquid is prepared in a storage container by combining a polysaccharide polymer gelling agent of the 
type described above with fresh water, brine or see water. The hardenable resin composition described above 
is prepared In a separate container by mixing the polyepoxide resin used with the substantially water immiscible 
diluent or diluents used and the hardening agent Continuous streams of the gelled aqueous liquid, ths haid- 
enable resin composition, particulate material, one or more liquid surface active agents and liquid gel breaker 
are conducted to a continuous mixing apparatus wherein they are mixed and a gelled aqueous carrier liquid 
having resin composition coated particulate materials suspended therein is formed. The composition is con- 
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tinuoualy pumped from the mixing apparatus to the remote location where the resin coated particulate material 
Is to be deposited and consolidated Into a hard permeable mass, e.g.. a subterranean zone penetrated by a 
well bore. As Is wel understood by those skiled in the art the zone may f list be conditioned by pref lushing 
with a suitable conditioning liquid and/br after flushes may be used to insure uniform placement, consolidation 
and maximum parmeablity of the deposited resin coated particulate material. 

In order to further ilustrato the compositions and methods of the present Invention, the following example 

is given. 
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28 



Teste were performed to illustrate the differences resulting from the use of the compositions of the present 
invention including 1 ,4-dlamlno cydohaxane-biaphend A adduct hardener and compositions Including methy- 
lene dianillne hardener and unmodified amine hardener. The aqueous gel in all teste was comprised of 0.5% 
by weight of a commerdd guar gelling agent and 2% by weight Ka m tap water. In addition 0.3% by weight 
of a blend of aurtectante to promote coating of the mixed epoxy resin onto the sand was included In the gel. 
This blend was approximately 18% by weight cooobeteine, 25% by weight leopropand, 29% by weight water, 
10% by weight of a mixed ethoxyiated (7 moles E.O>) phend resin, and 18% by weight laoamyl alcohd. The 
resin compositions which were tested are as follows: 

p Qgin #1 — Pgsin Comp n aitiQn Including Methylene BlaniUjlS 
gardener 



Bisphenol A epoxy resin 

butyl glycidal ether 

Silane A-1120™ (Union Carbide Co.) 

TONOX-22 T " (UN I ROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher mole weight 

homologues) 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6, tn- 
(methyl -N-d imethy lamine ) 



100 parts by weight 
12 parts by weight 
2 parts by weight 



35 parts by weight 
25 parts by weight 
6 parts by weight 

6 parts by weight 
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BsaiD ** — BfiaiD composition of the Present Invention 



Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-ll20 t " 

l-4,diaminocyclohexane adduct of 

bisphenol A epoxy 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6 tri- 
( methy 1 -N-dimethy lamine ) 



100 parts by weight 
12 parts by weight 
2 parts by weight 

64 parts by weight 
49 parts by weight 
6 parts by weight 

6 parts by weight 



55 



The ethyl hexanoic sdt of 2,4,6 tri(methyl-N-dimethylamine Is available from Air Products Co. as a com- 
mercial product (Anchamine K-61B"). 

The bisphend A resin Is available from Shall Chemical Co. as EPON 828*». The mixture of bisphend A 
epoxy resin and butyl glycidal ether Is available from Shdl Chemical Co. as EPON 815™. 
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Resin #3 — Resin Comp osition Including 1 . 4-Diarainocvclohexane 

Hardener 

Bisphenol A epoxy resin 100 parts by weight 

butyl glycidal ether 12 parts by weight 

Si lane A- 1120 2 parts by weight 

l-4,dia»inocyclohexane 15 parts by weight 

ethyl hexamoic salt of 2,4,6 tri- 

(methyl-N-diinethylamine) 2 parts by weight 



Procedure 

Test slurries were prepared using 250 cc of aqueous gel containing surfactant 250 g of 20/40 mesh Ottawa 
sand, 7.6 cc of one of the resin formulations described above and a breaker, 0.024 g of sodium persulfate. 
Finally, In some testa a breaker accelerator, 0.1 cc of Methanol amine was used. Also, in some tests, a cross- 
linker for the aqueous gel was used. The crosslinker was 0.12 of cc of a 30% by weight solution of sodium 
hydroxide and fumade acid. 

The slurries were stirred for 1 minute and then poured into one or more tubes for consolidation of the sand. 
The tubes were glass tubes coated with a mold release agent and stopper at one end. The sand in each slurry 
within each tube was tamped down, clamped under mechanical pressure and then allowed to cure In a water 
bath at 120°F for 20 hours. A separate amount of each slurry was placed in a separate container in the 120°F 
water bath and observed to determine the time required for the gel to break. After curing, the sand consoli- 
dations contained in the glass tubes were removed by breaking the tubes and tested for compressive strength 
using a Tinus-Olsen press. The results of these tests are given in the Table which follows. 



Table of T« f fr ftffulte 



Resin 
#1 


Gel 

crosslinked 


Sodium 
Persulfate 
Breaker in 

Slurrv 


Triethanol 
Amine 

in. simrnr 


Gonpressive 
Strength 
<P«A1 


Gel Break 
_ IHrs.) 


no 


yea 


no 


1500 


no break 


#1 


no 


yea 


yes 


1600 


no break 


#1 


yea 


yes 


yes 


100 


no break 


#2 


no 


yes 


no 


900 


20 


#2 


no 


yes 


yea 


800 


3-4 


#2 


yes 


yes 


no 


170 


16 


#2 


yes 


yes 


yea 


600 


3-4 


#3 


no 


yes 


no 


none 


no break 


#3 


yes 


yes 


yes 


no coating 


3-4 



none 



Claims 

1. A harden able resin composition comprising a hardenaWe poiyepoxide resin, one or more substantially wa- 
ter tamlscibJe diluents present in said resin composition to lower the viscosity thereof, and a hardening 
agent comprised of the adduct formed by reacting an aliphatic amine with the condensation reaction prod- 
uct of epichlorohydrin and bisphenol A. 

2. A composition according to claim 1 , wherein the amine to ethylene diamine, trfethyfene tetramine, tetra- 
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ethylene pentamlne. bls(p-amlncoyclohexyl) methane, a diamine or trlemlne of cyclopentane. or a diamine 
or trtamine of cydohexane. 

A composition according to claim 2, wherein said amine la Methylene tetramlne, 1 ,2-dlamIno cydohexane 
or 1,4-diamlno cydohexane. 

A composition according to data 1,2 or 3 wherein the pdyepoxide resin comprises the condensation re- 
action product of epichlorohydrln and blaphenoi A, 

A composition according to data 4, wherein said one or more substantially water immlsdble diluents In- 
clude a reactive dluent selected from butyl glycidyl ether, creed glyddyl ether. a>y) gjyddyl ether, phenyl 
glyddyl ether, butyl digryddyl ether, resordnol digtycidyl ether and mixtures of two or more thereof. 

A composition according to any of daims 1 to 5. wherein said one or more substantially water Immiscible 
dluents Include a norweadrve diluent selected from compounds having the structural formula: 



R1 _ c - OR or Ri -C - OR 2 0 - C - Ri 

wherein R Is in which n is an Integer of from 1 to 5; R, le C^hW, wherein m is an integer 

of from 1 to 4. or Ri Is 




wherein y Is an Integer of from 1 to 4 and X is H or OH; and R 2 is C^a. wherein a is an integer of 
from 2 to 5. 

7. A composition according to any of dalms 1 to 6. which also Indude an aqueous liquid In which said hard- 
enable resin composition Is dispersed. 

8. A composition according to data 7. wherein said aqueous liquid Indudee a polysaccharide polymer gelling 
agent therein. 

9. A composition according to data 7 or 8. which Is mixed with particulate material suspended in said aqu- 
eous liquid, which particulate material is coated with said resin composition. 

1 a A composition according to any of claims 1 to 9. which further includes one or more surface active agents 
for promoting the coating of particulate material with said resin composition, said one or mora surface 
active agents Including a non-cat ionic surface active agent comprising at least one member selected from 
ethoxylated fatty adde produced by reading fatty adds containing from 12 to 22 carbon atoms with from 
5 to 20 mdee of ethyleneoxlde per mde of fatty add. and mixtures of said ethoxylated fatty acids with 
unreacted fatty adds. 
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